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i ss$m i ] jEsmmimRn l i - c o mn^et 

20£m-oX%t>tl&mtf7-^-9 t%&i>c7)X'fo<0 ^ IE 

<7)^m« i: 2 u m£XT<?>Wfc<r)ifmM b <D&£ty)X' 
*0s ftl§iSfe«ti, JfcSHflt*^. Ora' /glilT. 
^ B B B ^t0tSF B 1Sgg|^0 . 3 380nmJJLT\ c!»?7fr 

otSA^-^s^s o n mvj±(7)mmitmmx-$) o . m» 

[ 2 ] jEffivSU«{ifi«^ L i - C o Sftgg 

# i o x/ mjiLht'j) -3 r , t st$mm t <omx 

20*m-?Xftt>tl&mtf 7-9 kft&hcDXfrX) , IE 

mrnmt xizm^mmmz. wz3 um&±cofm 
nmntft. Tz.^ j ?y\ttf3\A±x'fo~>x. mm&tf 
2 um VXT<r)Wm.tt.<mVM t n&itmxfc o . ft «g 

WA\±, J:M»#2. Om* /SOT, S&Jlrfg^ffi 
raSg^'O. 3 3 80nmH7, c tt^(6jcO^ B B B ^S 
#3 0 nmtUi^lliS-fLKST'&O. «SI$(7»<±, 
y'xf;^-t^- hfc it/x^^/l^-*'*- h 

[fHiRif 3 ] i/^lVti-X*- hti itXx^-yl/^f- 

2 5 5 0 Vm%X'fo <0 . ifl/^-,-Ki-h 

Vm.%- 2 0 fta%T-$> 0 . 7° a h* U yii 
V Og£Jt#3fW*%~ 1 7^%T*0, 
-Xf-zl^-jK*- hOil^itAM 0ft«%£j£li.T 6 0 

[0001] 

Kmrnizmth. 

[0002] 

nfkMkxnfr&AsXZhW&ZliLX^Z. iEffifcck 
V'ftffiii, IE®*£«f££f±ftffi^ft®(caf«m>AW 
>^'-*$rg-^$-y-T^I»]ESvgft««t^{±ftffiS!fe 

iEHiSftjri: IXimV&L i -C om^Ktt 



[000 3] ZcoXolzffifcZtitziJi-v&j *y-<X 
E.£m$.-fhZktfX'%h. ^<7)^a6, U^^^y 

^mm^commmk tx. sxtmum/iwi. 
mmizimmm<7)t&±*)mmti&. z<d 

[0004] 

k^hk, mz3L*fr3?-®m:TWX It o Zktfh 
4. ttz, -2 0rOT^®fi?aTT1M*S4<7)ffiT 

Rumi^ffiMzhz. %t>iz. &mnmizj:&iiim® 
[0005] *9en^flHtt, fie*wuf->^-f*>z 

[000 6] 

( i ) lEmmmmvicr) li-co ^m^mmx- 
h-ix. ml i -co awteWMMi, t^s^'i o 

/imJa±T&oT. ¥^aSfcJt*ffiWfc<0«T2 0S: 
S>H Xi%t>tl& mfi 7 - 9 k Jfir* i, coX'h *) , Effivgfe 

ttkw%2 umUT^mcommttk(DM£mxh o . 

ftffi«W(i, Jt^ffiSA { 2. 0 m' /gfilT, tSftfi 
^ffilSffiKtfO . 3 3 80nmtlT. c tt*|6j«0^ 
3 0 n mlXhOHiS^*T'$> 0 , «S$cD?§ 

*-hfrt>mifti&'J?%<ki>-'nk. Jif-uyx-tf 

^- h t os^aasET* s z k imsLt th v 

[ o o o 7 ] ±tz, u +*?j*<< *yz.<%.mm<D 
m-<7)mmii. ar^m^th^cDxhi. 
( 2 > sEmmmnmmcr, l i - c o mt&stn^rv 

^T.lLi - C o^^e-fti«, T^ttfiWl o 
U m &±X'$> o T , TOSS k it^ffiS fc 0«T" 2 0^ 
S"J-3T#4»tlSii*57~9 fcsflrS COX'h 1 . lEffivStt 
«t*»=fflV^S9Wfli. fig3jumJ2U:<0&tttf»« 
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tt, it«»#2. 0 m' /g«T» IMMffFOiBIBttl 
Si#0. 3 3 80 nmOT. cm%$W&£k=?-^mtf3 
OnmJ3Ub<Ol«flJ»"CftO. *JWifctf>S8tt, >-X 
hfcJ:tfx^M^-;k$--**- h*>£> 
jMfcifft&^SKfc i>-Sfc. xf-uy*-**- h fc. 

&1tmx't>zzt Htf&k-th 'J .M ^-yz^ 

[00 08] ££>tc. *%BJOUf-7A-f^yZ»:l|?te 

( 3 ) S/Xfvi^-tf*- hfc J:^/X'?-/^*^/^;*- 
;K*-h*>^>aI(^i^i>^ : $:< fc i-a*>fi£ib&*2 5fr 
«%-5 0fr«%T'J>9. xf-u>-#-;K*-h<?>S£ 
lt#Mf^%~2 0 9, 7nei/y*-#* 
-h<9&£Jt* s 3tt«%~l 7*aX-C*"). 

WfX'hhlM ( 1 ) Zttt ( 2 ) fcEfW>!W.M 

[0009] 

mlilLT'SWT . TOttftfc ifc^BBSfc <08TC"2 0 *« 
-5T^^tll>fi* J 7~9t<irS, ap*>Tte<7)^ ( 1 ) S- 
ilfctttttttL i -C o^a-^lMt^fflV^jlS. 

7 g c 2 o/ (ib^amxTOis) 3^9 ( i ) 

[0010] iEffivS^tfflV^^fLS L i - CoSt^ 
ttflftttMi: l/Cii. LiCoO^, Li* Co,., 
Me, 0 2 T'^Sft&k^WUll.. &#£ 
fcWC, AJ40. 0 5~1. 5,mUtO. 1-1. 1 
fc-f&<0#iff*U\ X140. 01-0. 5.1^4 
0. 02~0. 2fc-f£<0##t L\\ 7C§5tMefc LT 
14. Zr s V. Cr s Mo. Mn, Fe s N i W&)fflffll 
3*0)3-1 OSotS^. B, A 1 . Ge. Pb. S 
n , S b^<7) l 3-1 5K7C**W^>iXl». 

[00 11] jEBSSftSCfflV^ii.SL i -ColM 
BMfcW*** ( 1 ) £iftfc1-#£#&60J4. 2 0/ (Jt 
x ) <mff, 7 frffiTh -> 0 , 9 ± 9 

*s^fc. Effis«rtte«coisiija»*nfc*:$-e-4^ffl 

¥*&8& (jum) = (ZND 3 /Z 
[ 0 0 1 7 ] L i -C o3RW-&8Ht*<Olb«iiB«coa«g 

SSI (JfC£) ffcfl, 199 5*]<0JB17 8:K~SB18 
4HCI3i$ftfciK»£<7)^ g?g£i&«ftfct6m 

[0018] at. *WWtfcV^TEtt»IMti: Ltffl 
v *4 £ fc 6 L i - C o 3ft»[^lMk*<0f3ESrffi* 
ElTKiWwtf-*. *^ti3V%T Li-CoM 



[0012] WJltfewC L i -C o^*t£Stft^O 
1 O/imfiLhfc-fiOtt, f«* ! l 0/z 
m*»r?&*fc. »»4«ffiRB*iBit J W<, 

«$-frSfctf>. Li-CofflK6KOOTJMttBi 
LC StUil 7*im~2 3 

[ 0 0 1 3 ] L i - C o m«^it-ftfe^Jt^ ffiSf4 0 . 
lm'/g-O. 3m* /g, HW40. 1 5m* /g 
-0. 25m* /gfc-$-Stf)!&«Jf*U*. JtHiW 

o.im» /gmx'ft&t. teimftwrnxL-z-m 
s. *fc. o. 3m2 /g^tsfc. ffl®m^<?m. 

[ 0 0 1 4 ] L i - C oJMKSIMAtorJ^ttS^ttg 
(4£lT^ffitJ:9ffoifc* { T'#S„ MffiW 
*fci4e*H**» *^x^y-;^fc'OW^*tS 
At. 3 5 k H z - 4 0 k H zg^gf*!-^ 

coma. ftmmimfiwmni'-Tmm (a%%a 

tW6ifJ*3K«<0Jt) #7 0%~9 5%b%&&tt 
, . D 2 . D 3 • • ) , tJilf^ttSttWfiRtfflBt (N 

i . n, . n, ■ • ■ ) mmti. 

[0015]^fc.v-f^oh5 «y ^©Jg^«fl+r{4. 

[0016] ^tm& (Mm) {4, JJBTf*&*lfcffl« 
WlH^ffi ( D ) fc #ag*W)#«flBR ( N ) fc *» 
fe. TEO^ (2) 2rfflV^TSai§itS. 

) ■/ 3 ( 2 ) 

=SrV\ -c7)^afcLT{4. ai^JSfffc=5rl. l J^'>^-fL^ 
fefcnA/i-Hb^ftfcSr. ayN'/khfc 'Jf">Afc<7)JI^ 
Jt^l : 1-0. 8: lfc&*J:3£fi&U ^OvI^ 
^^?SJK7 0 0-C-l 2 0 0*C<7)^#SimTT\ 3^ 
iah-5 0^iaj«!!i^*SfUTRiB**s §^>tcKl5LT 

S*«l OjumfeLtT&oTJblEoa ( 1 ) ^Jtfcti^ 

^SrtiaR-ri fc v wfc*s*w^n^ . 

[0019] ffiw^ffifc LT<4. JJB«»»LTflfe<l 
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fca««*stfc«wsw-*m mm. zm#t 

X'&t>tlf:®.Vmt:4 0 0°C-7 5 O'C. WWi4 5 0 
•C-7 0 0'CgjKOja^TT'O. 5B#fg~50!$fS. # 

tt± i ma- 2 o «^§ii»i-i,M*w^<is . 

»±. fitt^¥^fig£%fc'^£«cjtSM£« 
JJB<0* ( 1 ) fcfcfc-fL 
i - C o£«£BHbfo£gg(c|§ I. £ b 5 . 
[ 0 0 2 0 ] *fc , CO»»LT»^*i^a«!ftK0J!!5«i 

if. ±^nm%T^>. mmxitTii'iytU'T&Fim. 
imx mt&tz> b. $mv tx^tmn-t 

«i#*> S A . KK^cO^-E^ l 
0 mm H g SKElT^SfflaTTtf 3 <0## i L V \ 
[00 2 1 ] JifEoaJI^JIfifc^l. VflMtitftob I 

ztit><7)m-g®jtfmf t,ti& . ixivvit-sifak 

LXlf. IftfcnA^K tKIM^A^k f\a?v\t3 

h^, CfL^cO?M^^W4»ill.. Li fl C 

Me, 0 2 X'^ZtlhLi -Co 
W&t&OX'fotUf. 'J^Mt^k 3'<JUhfc&fy 

[0022] *&W0)V1-*;£.'( *>Z.<mM£t3^ 

x. lEwmi'Mt&izm^zmnttkLxii. *mxv> 
v ^mmmnE^^^^mizm-^ tximm 
mmmn.=t^zx ] o. mmmimmi.zigm- 

^z\$m?m.(n>m*m\x% & . 
[0023] ifflw>vwM *y-'&mmx'\i. m 
-nmm&ivmzcommnk'-tphiz&^xh. zas 

i&m xcD'b£^mwttcom#tfmz:~>x\^&. 
(7) v *y-<xm&?>m-<?)imx'ii. mwr 
4 x<n±* v \&mt < r m-^mmt j t ^ 

3, ) t. fttfcoiMXtfvJ^^Hrtf (£TF, r ®z 
-Y X<r>-k% \ ( OT. r m-cr>mmtti k^ 

o. ) k. mmm-4x<?>>\^*mmM mr. 



fc, *fKH-cv^3 r fi«j Mi. mfrvt. «*t mum 

[0024] w,-<DmmMkixii. wkxov^j^ 
4 * >z.<xmmxm znx^t mmi* m^&zk 
mm. Amtzittf&omsm ; 

73>^f^77r-^ • fvvtttk'cnti-iSy 

xy-vimmmfhtih. zti^(omfmm<Qo*>. 
m-vmnmzti^xte, mm. mz&&mcr>m® 

Sg^f (D002 )#0. 3 4nmiilT. cM^^f* B B B ^ 
^ ( L c ) *s 1 0 n m&±<7)%$MVmtfm L < ffl 

[0025] «fti % fe B B H t§^c7)HflSEgi ( d002 ) fcj: 
t/clftfrl&lcOjgfH^a (Lc) (i, B*^»fiS*ffi 
t i 9#Jl£ir& £ t * J T'^ S . OTlzMtemzmtt 

3 2 5 jt y yiHSHTW LTS»«S:^S 

?iMxig.£ mmimmio omM%£.ttixwmm 
xnmrr^g (a^««asR 1NT2000. 

X««: CuKafi) OlSHSfc:%-fc5t«-tS . ^ 
fc. X^^/v<7)Epjn«J±?r 40kV, Epjam^$r 5 0 
mACSfL. 5EtC*4efflSr2^ = 2 3. 5S-2 
9. 5«, X^f^yxt-HlrO. 2 5S/mintL 

t, D^<00 0 2tr-^t>«ttfgJ!S|jjSoi l if-? 

mmfrt> . ±M<r>x®.mmmzim<nmsMYmmm 
vyvm^x. &&ft?<Dwm$m < doo2 > tjitf 

cttTjftilO^^^ft ( Lc ) SrJftfJ-rs,. 
[0026] »-^«)HKftt s IE®gfeKO©^[5)±(7) 

zt$&kzvmmmm&mL<%i. -u. 

ffTL^7„ ffiot, »-OSWffi:UTtts fig 3/* 
mtUi^t^fflV^j^S^Os 5//ra-2 5^m<?) 

t. 2 0m2 /g&.r. mzimt /g~l Om^ /g 

[0027]^', *^HflT'V^m-<7)#m«tf0figi: 

WBffflPJoKffi («fflSS) Ji^WL i -Co 

ikmmmnn&b nmzn ?uhy-y nmm 
mm^xm%x-*&. 

[0028] m-<nmwtib ix t , ±ia^m-co^a 

5<y^. Jt-^;U7r-^-X • 7y-/9. -itXhyiy 
ytTiy'yr-^x ■ 7y-v7%b'c0#-7t;yy'yv 

vwmt ^tzmmmm^h z t wx-zb. 



[0029] %zmnm&, nm^mn^mm 

£#F£L<J40. 5//m-0. 
i><D# 5 &v\ S<oC. it*WIKovvty:l 0 m* /g 

[0030] *«wcv^ t&-0mmt<vtmi> , at: 
mm*m vr a^rcs & . ciu i * m*)H 

k&6 k^HHWCfW^WM^tr Li ?ffl|6|#;5 
0 flSiiLLA& 4 5 f&* 3rR$g UTH^RWKI** »» 

nmti. m-mmzmm-mwi. z^rnm 

[0031] %-<Dmm&i5&v : mz<Dmmttco&m 
nom&is mcoL i -c om^WHmwig&tm 

«tr, g«£©*ftk-f 65vfB©*£ (-£) (cJ; Off 
ddk^T'^S. 

[0032] m=comnttt ut(±, 

mmhcoTh^xh&^i. )v- -m.. mat, *n 
mmmzi]-)v Ltz t <nx'h ^ x t> a v \ 
[0033] m=comw&i> , jnzoaratfi: Piatt, 

0. ^to6*£tr£k£^4 9&ftffl# { ;£L<$: 
&. HM, ffSHcOgt^k LTJ4, TX^? bJt M 

am/mm) a<3I2LL *?*L<i4i 0-50. 

ill). 

[0034] WEjtr&W&nTZ*.? hittJ JtflKttffi 
oai£f4, fig# 1 m mJUT^ZO^m^k H«fc. 
VFaHtttfcfOffl LT 0 Z k « . JWWfcfctt, 

WHzwm#2 o*&±\hioit»*B&ixnFm 
umfgzmi. sat? ~> tz%w&<nmm& 4 v- 
mm& t/sixnrem&h ztxffdzt tfx-z & . 

mm&mm*. tm^mmmm^x-htui, 
-*k mvnitnwimmzwfct&z 1 t;4 Dff^tf & 
w mL, aBt*<*-/w)fL-cv^«^"p**Ltf, tint 



!(5) 001-143760 (P200 1-143760A) 
[0035] m-0#««k . mZ(7)«S«XiimHO 

iftgsttu^M. $t->x* *miz&^x 

lOOmftSCttU 111^2 0 011^. ftfctt 

2a»s?~i ooiistts^mu^. &*5, m 
~ 1 o omma. mzit 1 osasB~5 ofi*a5T-$>i> 

[0036] k JBZ^»IWX{4m= <o» 

««k(7)-&ftffifflM{4. ^*k|S]«t^ 0Hi(4*L i -C 

om&mm 1 o os»sst« l. 3sm^- i 5s 

*gpgSk-tW4S^. fit, *fHBfc*$OTli. Hf-f 
0 fciWrv^ttJtt. WitfL i -Coll^ltt 1 0 

o i . 3 a»S5~ i o mtspusT t , jes 

rtrf> s l i -c o»a^lMM*w>Jiftfl:*B&i k* s T' 
& , m^fiOii^S-HS £ k ^ . 
[0037] sSr*$. iESS!HrtlJB*J»«-t4fc«>^N*>f 

I ^-y ^'Jxfi/y, ifi/y-rnti/y-yiy 
*kHttot<o*<fijfflT-#s. mm. t^s-^a, 

[0038] 'J A — <JC«ffit4J , MS 

: S^ktTfi. Jt^ffi»^"2. Om^ /gOT. 
» {40. 5m« /g~l. 5m2 /g. ttftfeTOBBISK 
Ni ( d002 ) *«0 . 3 3 8 0 n mJilT. 1#tC»40 . 3 3 
5 5nm-0. 3370nm. c HKri>Itf«SJMF^ffi 
(Lc) #3 0nmfeJLL #{C{44 0 nm~7 0 nmtfO 

i fc-t^MSftflaSi: LTJ4. WiJ4* ^ V 7x-X2UIf8fl: 

[0039] ifc^iBS*^. 0m2 /gj:0^# 

: f^CML, m^M^teT-fS^k^S. 

ttJMH^ffiBRK ( d002 ) # 0 . 3380nm?:i 
iTI.^ 0 . citefacDfeB B B^?£ ( L c > #3 0 n m 

i mx-ht k . %&wmifi±M Lxm&wmMM 
[0040] jfWNz^xmMtmte. wnniMz 
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[004 1] <Iil40*A^*^(cfev^T{i, ftSS 

?-/V-t'-yf-&fcV)t , -y^I. It*, ^V7x-X<7)# 
#fi# 7 0 tm%0±<7)* y 7 x-Xf y f-£2gStXn 
-ffit:J:Oft$2 0 0/im~3 0 0^mgJStf0^i{c^ 

*s-f4. coffijt^soo-c-i 5 0 0-C-CR* 
•fcU ovi-CMSfc*:* 3M£.tmmt£ 1 jum~i 

0 0// mgg. ¥%ffli*f£g 1 /x m~ 1 5 ju mf^C^ 

0 0°C $?4L<i±2 8 0 0°C— 3 2 0 O'CTDPlftLT 

mumm-s ^ t xx v yx-xxmmMmmtfftt* 

1 o o 4 2 ] {iu *s»®s«ftc7)flffim 

%*§fiit#* 1 At m- 1 0 0 /x m , #C{i3^m-5 0/i 
m. Mt(±2//m~2 5 jumiSr&J: 5 fc, 
JHI#0. 5jum-15//m > il;i^m-15/im, 
JgWi5//m~l 0/mt&S4 3«T0<7)##4t, 
V^„ ^<0B^ TX^hirb 

[0043] ^$&&vrCj|MMtt!&Oifc*^aH 

sii. .h&ol i -c o^s^Kttc7)jt^fflm<7)aj£ 

81. gFJUR (**) fgfi\ 1 9 9 5*} C0H1 78H~ 
( d002 ) iJiVcWcfrifiKOtSffi^^ffi (Lc)li,i 

[ 0 0 4 4 ] , *mi<n v Jsvzymmz 
fcv^-c, n.ffimntmzm^z>ju >y-t int. 

*mnztsux . nmzit>&mzfctxmwttzW:£z 

i>(r>mmx'%. m. --y^/k & xfyi^xfti 
figSix^-^x^x/N'y ?/W>W t>tlk . 
[004 5] 4fllfflnW?M *>-dm?Mz&\\ 

x. nmmcDimtLxte. yxf/^-^-h <d 

EC) UfWf;W-**-h (EMC)A^S(f 
(EC), 7'o fix h (PC) feit/^ 



h (dmc) tittm&muffl^tati 

fiifcorettfcu. fflu v^^ty-xm&w 

(EC) tfcV^{i4ftfS%~2 0*»%. #KI46tt 
«%-18ftm%i:-ri.^#SL<. rnei/>*- 
(PC) fcfeV»Ttt3#a%-l 7ftg%, 8 
£I45#«%~1 5ffr«%fct-&<7)##F4 Lv\ 
>0<f7fc&-«K*-h (DMC) te*$vvctt4 0#8t% 

(DEC) j3J:^Xf;MfW-^^-h (EMC) 
0»S>atf*lSiJ«fi:< fc fcHifctJU-Ctt. 2 5fttt%~ 
5 0ttg%. l*Ktt3 0tt«%~3 5Hm%t-th<ryif 

[0046] X^y#-;tf*- M EC ) fcfcWt 

«4. ?g^it*Mftg%*>iT*s fc mmx-gg&gi 

[0047] robvy^-.-K^-h (pc) iza^x 
arc* * t LT®tfi?)i*i3i$jg£i;£t§ 

[0048] x^f-Zl/^-^-h (DMC) IZH^X 

(4. ig^-it^'4 0 mxarx-h & t wm<vt&m& i ± 
&Lxm&<viftfflm.£m*;z-£, ■y-jywmzi&T 

ifo»8@£#Jb#LT. ^pt- 2 0°CJilTO«T{cio 

[0049] ^'Xf-/!^-*-*- h ( DEC ) fejryx 
f/Wf-W-^-h (EMC) fcfcWCte, 2 5#: 

OXXXFtOiga&Tfc&^X * nMcr>fi%imjiZM±i} 

h . -3fr. 5 0#c«%2:^i £ fc «»?gc0fifS*5±#L 

[0050] *^bjjo y ^-^A^f *>Zd;nmzt3^ 

x. mm ixa. iRffm^maz. l i c 1 

0 4 . LiBF 4 % LiPF 6 . L i As F 6 . L i A 
1C1, , Li (CF 3 S0 2 ) 2 NfcVWfcUf-^A 

^ ^a«rft s -84 fcjizjujuiS' mm ttz hozm 
^tiK&\ msmii. Lus.0>m&tf. 0. itv 

L~2*/U/L, if^L<{40. 5^/L~l. 8* 
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ZfrtihfrbX'kZ. it:. 2&U/L£Mz.$>b. 1 

thfrhX'hh. 
[00 5 1] 

immm] ar. mmnm^x^wMmmzTn 
[0052] mmi i 

CIEffi<?}#l«IEffi&«k&l>LiCo0 2 
g2 0/xm (ft^«fm«SALD-3000JTffl 
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(54) LITHIUM ION SECONDARY CELL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a lithium ion secondary cell capable of 
obtaining a capacity that cannot be achieved by a conventional lithium ion secondary cell. 
SOLUTION: It manufactures a lithium ion secondary cell by employing as a positive 
electrode activating material a composite oxide of Li-Co system in the shape of particle 
where an average particle diameter is equal to or more than 10 jxm and the numerical 
value obtained by dividing the multiplication of the average particle diameter with the 
specific surface area by 20 is 7-9, employing as a conductive material for a positive pole 
a mixture a large size conductive material with a small size conductive material, 
employing as a negative pole activating material a graphitization carbon where the 
specific surface area is equal to or more than 2.0 m2/g, a surface-to-surface distance of 
crystallization lattice is less than or equal to 0.3380 nm, and a crystallite numerical value 
in C axis direction is equal to or more than 30 nm, and employing as an electrolyte 
solvent a mixing solvent at least one kind selected from diethyl carbonate and ethyl 
methyl carbonate with ethylene carbonate, propylene carbonate and dimethyl carbonate. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Positive active material is a granular Li-Co system multiple oxide. This Li-Co 
system multiple oxide The electric conduction material used with positive active material 
by mean particle diameter's being 10 micrometers or more, and setting to 7-9 the value 
which breaks 20 and is acquired by the product of mean particle diameter and specific 
surface area It is the mixture of granular electric conduction material with a particle size 
of 3 micrometers or more and granular electric conduction material with a particle size of 
2 micrometers or less. A negative-electrode active material For specific surface area, the 
face to face dimension of a crystal lattice is [ the microcrystal dimension of 0.3380nm or 
less and the direction of a c-axis ] graphitized carbon 30nm or more below 2.0m2 / g. The 
solvent of the electrolytic solution The rechargeable lithium-ion battery characterized by 
the thing which is chosen from diethyl carbonate and ethyl methyl carbonate, and which 
is the mixed solvent of a kind, ethylene carbonate, propylene carbonate, and dimethyl 
carbonate at least. 

[Claim 2] Positive active material is a granular Li-Co system multiple oxide. This Li-Co 
system multiple oxide The electric conduction material used with positive active material 
by mean particle diameter's being 10 micrometers or more, and setting to 7-9 the value 
which breaks 20 and is acquired by the product of mean particle diameter and specific 
surface area Granular electric conduction material with a particle size of 3 micrometers or 
more and an aspect ratio are three or more, and the diameter of fiber is mixture with 
fibrous electric conduction material 2 micrometers or less. A negative-electrode active 
material For specific surface area, the face to face dimension of a crystal lattice is [ the 
microcrystal dimension of 0.3380nm or less and the direction of a c-axis ] graphitized 
carbon 30nm or more below 2.0m2 / g. The solvent of the electrolytic solution The 
rechargeable lithium-ion battery characterized by the thing which is chosen from diethyl 
carbonate and ethyl methyl carbonate, and which is the mixed solvent of a kind, ethylene 
carbonate, propylene carbonate, and dimethyl carbonate at least. 
[Claim 3] The rechargeable lithium-ion battery according to claim 1 or 2 whose mixing 
ratio of dimethyl carbonate a kind of mixing ratio chosen from diethyl carbonate and 
ethyl methyl carbonate is 25 volume % - 50 volume % at least, the mixing ratio of 
ethylene carbonate is four volume % - 20 volume %, the mixing ratio of propylene 
carbonate is three volume % - 1 7 volume %, and is below 60 volume % exceeding 40 
volume %. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a rechargeable lithium-ion battery. 



[0002] 

[Description of the Prior Art] Generally the rechargeable lithium-ion battery has the 
structure which comes to put the separator into which the electrolytic solution was 
infiltrated with a sheet-like positive electrode and a sheet-like negative electrode. A 
positive electrode and a negative electrode prepare the positive-active-material layer or 
negative-electrode active material layer which makes positive active material or a 
negative-electrode active material come to mix electric conduction material, a binder, etc. 
on charge collectors, such as a metallic foil, and are formed. Usually, a Li-Co system 
multiple oxide granular as positive active material is used, and a carbon material is used 
as a negative-electrode active material. 

[0003] Thus, the constituted rechargeable lithium-ion battery can attain a high energy 
consistency and the high voltage compared with a nickel cadmium cell etc. Therefore, 
adoption is progressing quickly as a driving source of pocket devices [ rechargeable 
lithium-ion battery ], such as recent years, a cellular phone, and a notebook sized 
personal computer. Furthermore, expansion of applicability is expected in the future. For 
this reason, the researches and developments about a rechargeable lithium-ion battery are 
briskly done in order to aim at improvement in the cell engine performance. 
[0004] 

[Problem(s) to be Solved by the Invention] However, the present condition is that the 
rechargeable lithium-ion battery which has the still satisfactory cell engine performance 
is not obtained. For example, in the conventional rechargeable lithium-ion battery, since 
energy density may be conversely lowered when it is going to aim at improvement in the 
cycle property of charge and discharge, it is in a difficult situation to acquire a 
satisfactory cycle property. Moreover, under very low temperature -20 degrees C or less, 
since the fall of discharge capacity is remarkable, the adoption to the device on condition 
of the use under low temperature is in a difficult situation. Furthermore, the fall of the 
discharge capacity by natural discharge cannot be disregarded, either. 
[0005] The technical problem of this invention is in the conventional rechargeable 
lithium-ion battery to offer the rechargeable lithium-ion battery which can attain the 
engine performance which could not be attained. 
[0006] 

[Means for Solving the Problem] The first mode of the rechargeable lithium-ion battery 
of this invention has the following descriptions. 

Positive active material is a granular Li-Co system multiple oxide. (1) This Li-Co system 
multiple oxide The electric conduction material used with positive active material by 
mean particle diameter's being 10 micrometers or more, and setting to 7-9 the value 
which breaks 20 and is acquired by the product of mean particle diameter and specific 
surface area It is the mixture of granular electric conduction material with a particle size 
of 3 micrometers or more and granular electric conduction material with a particle size of 
2 micrometers or less. A negative-electrode active material For specific surface area, the 
face to face dimension of a crystal lattice is [ the microcrystal dimension of 0.3380nm or 
less and the direction of a c-axis ] graphitized carbon 30nm or more below 2.0m2 / g. The 
solvent of the electrolytic solution The rechargeable lithium-ion battery characterized by 
the thing which is chosen from diethyl carbonate and ethyl methyl carbonate, and which 
is the mixed solvent of a kind, ethylene carbonate, propylene carbonate, and dimethyl 
carbonate at least. 



[0007] Moreover, the second mode of the rechargeable lithium-ion battery of this 
invention has the following descriptions. 

Positive active material is a granular Li-Co system multiple oxide. (2) This Li-Co system 
multiple oxide The electric conduction material used with positive active material by 
mean particle diameter's being 10 micrometers or more, and setting to 7-9 the value 
which breaks 20 and is acquired by the product of mean particle diameter and specific 
surface area Granular electric conduction material with a particle size of 3 micrometers or 
more and an aspect ratio are three or more, and the diameter of fiber is mixture with 
fibrous electric conduction material 2 micrometers or less. A negative-electrode active 
material For specific surface area, the face to face dimension of a crystal lattice is [ the 
microcrystal dimension of 0.3380nm or less and the direction of a c-axis ] graphitized 
carbon 30nm or more below 2.0m2 / g. The solvent of the electrolytic solution The 
rechargeable lithium-ion battery characterized by the thing which is chosen from diethyl 
carbonate and ethyl methyl carbonate, and which is the mixed solvent of a kind, ethylene 
carbonate, propylene carbonate, and dimethyl carbonate at least. 

[0008] Furthermore, the first of the rechargeable lithium-ion battery of this invention and 
the second mode also have the following descriptions. 

(3) A rechargeable lithium-ion battery the above (1) whose mixing ratio of dimethyl 
carbonate a kind of mixing ratio chosen from diethyl carbonate and ethyl methyl 
carbonate is 25 volume % - 50 volume % at least, the mixing ratio of ethylene carbonate 
is four volume % - 20 volume %, the mixing ratio of propylene carbonate is three volume 
% - 17 volume %, and is below 60 volume % exceeding 40 volume %, or given in (2). 
[0009] 

[Embodiment of the Invention] Hereafter, the rechargeable lithium-ion battery of this 
invention is explained to a detail. In the rechargeable lithium-ion battery of this 
invention, as positive active material, mean particle diameter is 10 micrometers or more, 
and the granular Li-Co system multiple oxide which the value which breaks 20 and is 
acquired is set to 7-9, namely, fills the following formula (1) with the product of mean 
particle diameter and specific surface area is used. 
7 <=[20/(specific-surface-area x mean particle diameter)] <=9 (1) 
[0010] As an example of the Li-Co system multiple oxide used for positive active 
material, it is [ LiCo02 and ] LiA Col-X MeX 02. What is shown is mentioned. In 
addition, in the latter, it is desirable 0.05-1.5, and that especially A sets to 0.1-1.1. It is 
desirable 0.01 to 0.5 and that especially X sets to 0.02-0.2. As an element Me, 3-10 
group element of periodic tables, such as Zr, V, Cr, Mo, Mn, Fe, and nickel, and 13-15 
group elements, such as B, aluminum, germanium, Pb, Sn, and Sb, are mentioned. 
[001 1] the operation which will increase the resistance component of the positive active 
material itself if that the Li-Co system multiple oxide used for positive active material 
needs to fill a formula (1) has the value of 20/(specific-surface-area x mean particle 
diameter) larger than 9 in being less than seven - working - a cycle property and a low- 
temperature property — it is because a preservation property is reduced further. 
[0012] In this invention, mean particle diameter of a Li-Co system multiple oxide is set to 
10 micrometers or more because there is a possibility that a lifting and the safety to like 
may be spoiled in an unusual cell reaction as mean particle diameter is less than 10 
micrometers. In addition, if a mean diameter exceeds 25 micrometers, in order for electric 
resistance to become large and to reduce the energy density per unit volume of a 



rechargeable lithium-ion battery, the mean diameter of a Li-Co system multiple oxide has 
10 micrometers - desirable 25 micrometers, and 17 micrometers - its 23 micrometers are 
especially desirable. 

[0013] It is desirable 0.1m2 / g-0.3m2 / g, and to set especially specific surface area of a 
Li-Co system multiple oxide to 0.1 5m2 / g-0.25m2 / g. It is because a resistance 
component increases that specific surface area is under 0.1 m2 / g and the fall of charge- 
and-discharge capacity and the fall of a rate property are caused. Moreover, it is because 
the oxygen desorption from an active material will advance easily and a problem will 
arise at safety, if 0.3m2 / g is exceeded. 

[0014] Measurement of the mean particle diameter of a Li-Co system multiple oxide can 
be performed by the following approaches. The granular object used as the measuring 
object is fed into organic liquids, such as water and ethanol, a 35kHz - about 40kHz 
supersonic wave is given to the beginning, and distributed processing is performed to it 
for about 2 minutes. In addition, let the amount of the granular object used as the 
measuring object be the amount from which the laser permeability (ratio of the output 
quantity of light to the amount of incident light) of the dispersion liquid after distributed 
processing becomes 70% - 95%. Next, these dispersion liquid are applied to a micro truck 
grading-analysis meter, and the particle size (Dl, D2, D3 ..) of each granular object and 
the existence number (Nl, N2, N3 ...) for every particle size are measured by dispersion 
of laser light. 

[0015] In addition, with the micro truck grading-analysis plan, the particle size 
distribution of a globular form particle group which becomes the theoretical strength 
nearest to the observed dispersion intensity distribution is computed. That is, particles are 
assumed to be the projection image acquired by the exposure of laser light, and a solid 
sphere with the cross-section circle of this area, and this cross-section diameter of circle 
(spherical equivalent diameter) is measured as a particle size. 

[0016] Mean particle diameter (micrometer) is computed using the following formula (2) 
from the particle size (D) of each particle and the existence number (N) for every particle 
size which were obtained above. 

Mean-particle-diameter (micrometer) = (sigmaND3 / sigmaN) 1/3 (2) 
[0017] Measurement of the specific surface area of a Li-Co system multiple oxide can be 
performed by the gas-phase-adsorption method (one point method for BET method) 
which makes nitrogen adsorbent among the adsorption processes indicated by 178th page 
- the 184th page of "the ingredient chemistry [Yasuo Arai work, the 9th ** of the first 
edition, the Baifukan (Tokyo) issue, and 1995] of fine particles." 
[0018] Next, the production approach of the Li-Co system multiple oxide which can be 
used as positive active material in this invention is illustrated below. In addition, in this 
invention, the production approach of a Li-Co system multiple oxide is not limited to the 
following approaches. As the approach of 1, the lithium compound and cobalt compound 
used as a start raw material are mixed so that the atomic ratio of cobalt and a lithium may 
be set to 1 : 1 to 0.8: 1 . The mixture under an atmospheric-air ambient atmosphere with a 
temperature of 700 degrees C - 1200 degrees C What it made it react by carrying out to 
heat for 3 hours to 50 hours etc., reacted further, and was made is ground, it considers as 
a granular object, and the method of extracting only what mean particle diameter is 10 
micrometers or more, and fills the above-mentioned formula (1) from the inside is 
mentioned. 



[0019] As other approaches, the method of heating especially especially 400 degrees C - 
the 750 degree C of the above-mentioned the approach of heat-treating further the 
granular object ground and obtained, for example, this granular object ground and 
obtained, under the temperature of 450 degrees C - about 700 degrees C for 1 hour to 
about 20 hours for 0.5 hours to 50 hours is mentioned. In addition, it is desirable to use 
the thing in within the limits whose mean particle diameter is 1 0 micrometers - 25 
micrometers as mentioned above as a granular object at this time. Thus, since specific 
surface area can be decreased without changing most mean particle diameter of a 
granular object when it heat-treats in a granular object, the Li-Co system multiple oxide 
which fills the above-mentioned formula (1) can be obtained easily. 
[0020] Moreover, heat treatment of this granular object ground and obtained can be 
performed under any ambient atmospheres, for example, it can carry out under an 
atmospheric-air ambient atmosphere and inert gas ambient atmospheres, such as nitrogen 
or an argon. However, since there is a possibility that a lithium carbonate may arise and 
the content of an impurity may increase when carbon dioxide gas exists in an ambient 
atmosphere, it is desirable that the partial pressure of carbon dioxide gas carries out under 
the ambient atmosphere below lOmmHg extent. 

[0021] As a lithium compound used as the above-mentioned start raw material, lithium 
oxide, a lithium hydroxide, lithium halide,.a lithium nitrate, an oxalic acid lithium, 
lithium carbonates, etc. and such mixture are mentioned. As a cobalt compound, cobalt 
oxide, cobalt hydroxide, halogenation cobalt, a cobalt nitrate, oxalic acid cobalt, cobalt 
carbonate, etc. and such mixture are mentioned. In addition, Li A Col-X MeX 02 What is 
necessary is just to carry out initial-complement addition of the compound of a 
permutation element at the mixture of a lithium compound and a cobalt compound, if the 
Li-Co system multiple oxide shown is manufactured. 

[0022] In the rechargeable lithium-ion battery of this invention, two kinds of electric 
conduction material from which size is different is used as electric conduction material 
used with positive active material. In this case, the small electric conduction material of 
size gathers on the particle front face of positive active material, and makes this front face 
conductivity, and the large electric conduction material of size enters between the 
particles of the electric-conduction-ized positive active material, and connects between 
these particles electrically. For this reason, an electric flow of the front face of positive 
active material and the interior is fully obtained, and it becomes possible to reduce the 
resistance component of the positive electrode itself of it. Therefore, the fall of a 
preservation property can be controlled to a cycle property, a low-temperature property, 
and a pan. 

[0023] In the rechargeable lithium-ion battery of this invention, also in which of the first 
mode and the second mode, although two kinds of electric conduction material is used, 
the first mode differs in the configuration of the small electric conduction material of size 
from the second mode. In the first mode of the rechargeable lithium-ion battery of this 
invention, the mixture of the large electric conduction material (henceforth "the first 
electric conduction material") of granular size and the small electric conduction material 
(henceforth "the second electric conduction material") of granular size is used. In the 
second mode of the rechargeable lithium-ion battery of this invention, the mixture of the 
large electric conduction material (henceforth "the first electric conduction material") of 
granular size and the small electric conduction material (henceforth "the third electric 



conduction material") of fibrous size is used. In addition, although the shape of the shape 
of a scale, a globular shape, a false globular shape, massive, and a whisker etc. is 
included in "it being granular" as used in the field of this invention, it does not limit 

especially. „ 
[0024] As first electric conduction material, the carbon material currently conventionally 
used with the rechargeable lithium-ion battery can be used. For example, artificial or 
natural graphites; carbon black, such as acetylene black, oil furnace black, and 
IKUSUTORAKONDAKUTIBU furnace black, is mentioned. In the first electric 
conduction material, graphitized carbon lOnm or more is preferably used [ the face to 
face dimension (D002) of graphites, especially a crystal lattice ] for the microcrystal 
dimension (Lc) of 0.34nm or less and the direction of a c-axis among these carbon 
materials. 

[0025] in addition, the face to face dimension (d002) of a crystal lattice and the 
microcrystal dimension (Lc) of the direction of a c-axis - Japan Society for the 
Promotion of Science - it can measure by law. It explains concretely below. First, an 
agate mortar grinds the high purity silicon for X-ray criteria below to a 325-mesh 
standard sieve, the standard substance is produced, this standard substance and 
graphitized carbon of a device under test are mixed with an agate mortar (it is 10 % of the 
weight of standard substance to 100 % of the weight of graphitized carbon), and the 
sample for X-rays is produced. The sample plate of X-ray diffraction equipment 
(RINT2000 by Rigaku Corp., X line source:CuK alpha rays) is filled up with this sample 
for X-rays at homogeneity. Next, the applied voltage to an X-ray tube is set as 40kV, 
force current is set as 50mA, further, a scanning zone is set 2theta=23.5 degree -29.5 
degree, and 002 carbonaceous peaks and 1 1 1 peaks of the standard substance are 
measured by setting scanning speed to 0.25 degrees / min. Then, the face to face 
dimension (d002) of a crystal lattice and the microcrystal dimension (Lc) of the direction 
of a c-axis are computed from the obtained peak location and its half-value width using 
attached degree-of-graphitization calculating software to above X-ray diffraction 

[OO^lTthe first electric conduction material is for making good electrical installation of 
the particles of positive active material, therefore is too small, achievement of this 
electrical installation will become difficult. On the other hand, if the first electric 
conduction material is too large, it will bar the closest packing of positive active material 
Therefore, it is necessary to use a thing with a particle size of 3 micrometers or more, and 
it is desirable as first electric conduction material to use what is 5 micrometers - 25 
micrometers. Furthermore, in specific surface area, it is desirable to use the thing of lm2 
/g-10m2/g especially below 20m2/g. 

[0027] In addition, the particle size of the first electric conduction material as used in the 
field of this invention means the cross-section diameter of circle (spherical equivalent 
diameter) when assuming the particle which constitutes the first electric conduction 
material to be a solid sphere, and it can measure using a micro truck grading-analysis 
meter like the case of an above-mentioned Li-Co system multiple oxide. 
r 0 0281 A carbon material called carbon black, such as artificial or natural graphites; 
acetylene black, oil furnace black, and IKUSUTORAKONDAKUTIBU furnace black, 
can be used like the first above-mentioned electric conduction material also as second 
electric conduction material. 



[0029] Such an operation will become scarce, if the second electric conduction material is 
for electric-conduction-izing the front face of the particle of positive active material, 
therefore is too large. Therefore, as second electric conduction material, it is good for 
particle size to use especially 2 micrometers or less of 1 micrometer or less of 0.5 
micrometers - 0.001 micrometers things preferably. Furthermore, about especially 
specific surface area, it is desirable to use the thing 15m2 / more than g more than 10m2 / 

g- 

[0030] The particle size of the second electric conduction material as used in the field of 
this invention is also a cross-section diameter of circle (spherical equivalent diameter) 
when assuming the particle which constitutes the second electric conduction material to 
be a solid sphere. Measurement of the particle size of the second electric conduction 
material as well as the case of the first electric conduction material can be measured 
using a micro truck grading-analysis meter. However, when particle size is set to less 
than 1 micrometer, there is an inclination which condensation of a particle produces in 
dispersion liquid. For this reason, when particle size is less than 1 micrometer, it is good 
to use an electron microscope. A scale factor is set up and, specifically, an electron 
microscope photograph is taken so that 20 or more particles may go into a visual field 
first. Next, the area of the image of each particle in a photograph is computed, and the 
diameter of circle which has this area from this computed area further is computed. The 
particle which constitutes the second electric conduction material is assumed to be a solid 
sphere with the cross-section circle of this diameter, and this diameter turns into particle 
size of the second electric conduction material. 

[0031] Measurement of the specific surface area of the first electric conduction material 
and the second electric conduction material can be performed like the case of an above- 
mentioned Li-Co system multiple oxide by the gas-phase-adsorption method (one point) 
which makes nitrogen adsorbent. 

[0032] Various carbon fibers can be used as third electric conduction material. 
Specifically, the graphitized-carbon fiber manufactured in vapor growth etc., such as 
carbon fibers and mesophase system graphitized carbon, is mentioned. In addition, a 
carbon fiber may be a straight-line-like thing and may curl in the shape of a loop 
formation, a swirl, and other configurations. 

[0033] Like [ the third electric conduction material ] the second electric conduction 
material, it is for electric-conduction-izing the front face of the particle of positive active 
material, therefore if too large, such an operation will become scarce. Therefore, as third 
electric conduction material, 2 micrometers or less of things 1 micrometer or less are 
preferably used [ an aspect ratio (fiber length/diameter of fiber) ] for 10-50, and the 
diameter of fiber three or more. 

[0034] Particle size can perform measurement of the aspect ratio of the third electric 
conduction material, and the diameter of fiber like the second electric conduction 
material 1 micrometer or less using an electron microscope. A scale factor can be set up, 
an electron microscope photograph can specifically be taken so that 20 or more fiber may 
go into a visual field, and the diameter of fiber and fiber length of each fiber in a 
photograph can be performed by measuring with slide calipers etc. In addition, what is 
necessary is just to perform measurement of fiber length by measuring the minimum 
distance of an end and the other end, if it is the case where fiber is a straight line-like. 
However, what is necessary is to take two points of arbitration which separate mutually, 



to measure this point to point distance, and just to let this be fiber length on fiber, if it is 
the case where fiber is carrying out curl etc. 

[0035] The mixing ratio of the first electric conduction material, and the second electric 
conduction material or the third electric conduction material may have one of too large 
ratios, or if it is too small, it may make the rapid discharge descent in early stages of 
discharge promote. Therefore, in this invention, it is desirable the 1 weight section - 200 
weight section and that the second electric conduction material or especially the third 
electric conduction material considers as the 2 weight sections - 100 weight section to the 
first electric conduction material 100 weight section. In addition, from the point that 
improvement in conductivity and safety can be aimed at, it is especially desirable the 5 
weight sections - 100 weight section and that it is 10 weight sections - 50 weight section. 
[0036] What is necessary is just to let the amount of the sum total used with the first 
electric conduction material, the second electric conduction material, or the third electric 
conduction material as usual be 3 weight sections - 15 weight section extent to the Li-Co 
system multiple oxide 100 weight section. However, in this invention, since two kinds of 
electric conduction material from which size differs is used together, electrical 
installation sufficient between the particles of positive active material can be given also 
with 3 weight sections - 10 weight section extent to the amount used smaller than before, 
for example, the Li-Co system multiple oxide 100 weight section. For this reason, 
weighting of a Li-Co system multiple oxide can be attained, and increase of cell capacity 
can be aimed at. 

[0037] In addition, the same thing as usual can be used as a binder for forming a positive- 
active-material layer. For example, a polytetrafluoroethylene, poly vinylidene fluoride, 
polyethylene, and ethylene-propylene-diene system polymer etc. is mentioned. Moreover, 
the thing same also as a charge collector as usual can be used. For example, a foil, an 
expanded metal, etc. which were formed by aluminum, the aluminium alloy, titanium, 
etc. are mentioned. 

[0038] In the lithium secondary battery of this invention, the graphitized carbon the face 
to face dimension (d002) of 0.5m2 / g-1 .5m2 / g, and a crystal lattice is [ O.3380nm or 
less of 30nm or more of whose microcrystal dimensions of 0.3355nm - 0.3370nm and the 
direction of a c-axis (Lc) ] 40nm - 70nm below 2.0m2 / g for specific surface area is 
preferably used especially especially [ especially ] as a negative-electrode active material 
As graphitized carbon which fills the above-mentioned numerical range, mesophase 
system graphitized carbon is mentioned, for example. 

[0039] In addition, when specific surface area is larger than 2.0m2 / g, the decomposition 
reaction of the polypropylene which is an electrolyte component may occur at the time of 
charge, and cell capacity may fall. Moreover, the face to face dimension (d002) of a 
crystal lattice may be over 0.33 80nm, or when the microcrystal dimension (Lc) of the 
direction of a c-axis is less than 30nm, the potential of a negative electrode may rise and 
the average discharge potential of a cell may fall. 

[0040] In this invention, graphitized carbon is granular like the usual graphite system 
negative-electrode active material, and is used. Especially the configuration of the 
particle which constitutes graphitized carbon is not limited, and should just have the 
shape of the shape of a scale, fibrous, a globular shape, a false globular shape, massive, 
and a whisker etc. However, spreading to a negative-electrode charge collector is easy, 
and, as for graphitized carbon, it is desirable that it is fibrous in this invention from the 



point which can control the orientation of the particle after spreading. 
[0041] Mesophase system graphitized carbon fibrous as graphitized carbon which serves 
as a negative-electrode active material from these points in this invention, i.e., mesophase 
system graphitized-carbon fiber, is used preferably. An example of the manufacture 
approach of mesophase system graphitized-carbon fiber is shown below, the beginning - 
pitches, such as a petroleum pitch and a coal-tar pitch, - the content of mesophase carries 
out spinning of the mesophase pitch more than 70 volume % to fiber with a die length of 
200 micrometers - about 300 micrometers by the melting blowing method above all. 
Next, this fiber is carbonized at 800 degrees C - 1500 degrees C, and it grinds in 1 
micrometer - about 15 micrometers of diameters of average fiber, 1 micrometer - about 
100 micrometers of magnitude, for example, mean fiber length, suitable subsequently. 
Then, mesophase system graphitized-carbon fiber is obtained by heating and graphitizing 
preferably 2500 degrees C - 3200 degrees C of this ground fiber at 2800 degrees C - 3200 
degrees C. 

[0042] However, from the point which makes good spreading nature to the negative- 
electrode charge collector of the negative-electrode active material constituent mentioned 
later, 1 micrometer - 100 micrometers, it is desirable [ especially the above-mentioned 
grinding ] to carry out so that 0.5 micrometers - 15 micrometers of diameters of average 
fiber may be especially set to 1 micrometer - 1 5 micrometers and 5 more micrometers - 
10 micrometers so that mean fiber length may be set to 3 micrometers - 50 micrometers 
and 2 more micrometers - 25 micrometers. As for an aspect ratio (mean fiber length's 
ratio to the diameter of average fiber), at this time, being set to 1-5 is desirable. 
[0043] In this invention, measurement of the specific surface area of graphitized carbon 
can be performed by the gas-phase-adsorption method (one point method for BET 
method) which makes nitrogen adsorbent among the adsorption processes indicated by 
178th page - the 184th page of "the ingredient chemistry [Yasuo Arai work, the 9th ** of 
the first edition, the Baifukan (Tokyo) issue, and 1995] of fine particles n like 
measurement of the specific surface area of an above-mentioned Li-Co system multiple 
oxide, moreover, this invention - setting - the face to face dimension (d002) of the 
crystal lattice of graphitized carbon, and the microcrystal dimension (Lc) of the direction 
of a c-axis - the case of above-mentioned electric conduction material - the same - 
Japan Society for the Promotion of Science - it can measure by law. 
[0044] In addition, in the rechargeable lithium-ion battery of this invention, a 
polytetrafluoroethylene, poly vinylidene fluoride, polyethylene, and ethylene-propylene- 
diene system polymer etc. can be used as usual as a binder used with a negative-electrode 
active material. Moreover, a negative electrode may be made to mix electric conduction 
material in this invention if needed. In this case, as electric conduction material, a mean 
diameter is mentioned for a natural graphite 5 micrometers or less, an artificial graphite, 
carbon black, etc. Moreover, the same thing as usual can be used as a negative-electrode 
charge collector, and the foil and expanded metal which were formed by copper, nickel, 
silver, stainless steel, etc. are mentioned. 

[0045] In the rechargeable lithium-ion battery of this invention, the mixed solvent which 
is chosen from diethyl carbonate (DEC) and ethyl methyl carbonate (EMC) and which 
contains ethylene carbonate (EC), propylene carbonate (PC), and dimethyl carbonate 
(DMC) further is used as a solvent of the electrolytic solution including a kind at least. 
Especially the mixing ratio of each component which constitutes a mixed solvent is not 



limited. However, it is desirable four volume % - 20 volume % and to consider as six 
volume % - 1 8 volume % especially in ethylene carbonate (EC) from the point of 
improvement in the cycle property of a rechargeable lithium-ion battery, and it is 
desirable three volume % - 17 volume % and to consider as five volume % - 15 volume 
% especially in propylene carbonate (PC). Moreover, it is desirable to consider as 45 
volume % - 55 volume % below 60 volume % exceeding 40 volume % especially in 
dimethyl carbonate (DMC). furthermore, it is chosen out of diethyl carbonate (DEC) and 
ethyl methyl carbonate (EMC) — it is [ in / especially / at least / a kind ] desirable 25 
volume % - 50 volume % and to consider as 30 volume % - 35 volume %. 
[0046] In ethylene carbonate (EC), a stable coat is it hard to be formed on a negative- 
electrode front face that a mixing ratio is under 4 volume %, and there is a possibility of 
reducing a cycle property. On the other hand, when 20 volume % is exceeded, the 
viscosity of the electrolytic solution rises, the internal resistance of a cell is increased, and 
a cycle property may be reduced. 

[0047] In propylene carbonate (PC), the depressor effect of the increment in the 
impedance accompanying [ that a mixing ratio is under 3 volume % ] a charge-and- 
discharge cycle becomes small, and there is a possibility of reducing a cycle property. On 
the other hand, when it is under 17 volume %, the viscosity of the electrolytic solution 
rises, the internal resistance of a cell is increased, and a cycle property may be reduced. 
[0048] In dimethyl carbonate (DMC), when a mixing ratio is below 40 volume %, the 
viscosity of the electrolytic solution rises, the internal resistance of a cell is increased, and 
a cycle property may be reduced. On the other hand, when 60 volume % is exceeded, the 
congealing point of the electrolytic solution rises, the internal resistance of a cell is 
especially increased under low temperature -20 degrees C or less, and a cycle property 
and a low-temperature property may be reduced. 

[0049] In diethyl carbonate (DEC) and ethyl methyl carbonate (EMC), if it is under 25 
volume %, the congealing point of the electrolytic solution will rise, the internal 
resistance of a cell is especially increased under low temperature -20 degrees C or less, 
and a cycle property and a low-temperature property may be reduced. On the other hand, 
when 50 volume % is exceeded, the viscosity of the electrolytic solution rises, the 
internal resistance of a cell is increased, and a cycle property may be reduced. 
[0050] What is necessary is just to use what dissolved a kind chosen from lithium salt, 
such as LiC104, LiBF4, LiPF6, LiAsF6, LiAlC14, and Li(CF3 S02)2 N, or two sorts or 
more in the above-mentioned mixed solvent as the electrolytic solution in the 
rechargeable lithium-ion battery of this invention, the electrolytic solution — the 
concentration of Li salt - 0.1mol/L-2mol/L — what is necessary is just to prepare so that 
it may be preferably set to 0.5 mols / L-l .8 mols / L This is because the ionic 
conductivity as the electrolytic solution is not fully obtained as the concentration of 
lithium salt is under 0. 1 mols / L, but the function as a cell is spoiled. Moreover, it is 
because the viscosity of the electrolytic solution will rise and a low-temperature property 
and a high rate property will fall, if two mols / L is exceeded. 
[0051] 

[Example] Hereafter, an example is given and this invention is shown concretely. It 
actually evaluated by producing the rechargeable lithium-ion battery of this invention. 
[0052] LiCo02 (mean particle diameter of 20 micrometers (the Shimadzu make - the 
same measurement and the following SALD-3000J)) used as example 1 [production of 



positive electrode] positive active material As well as specific surface area of 0.12m 2 / g, 
the 20/(mean-particle-diameter x specific surface area): 8.3 91 weight section, and the 
nodular graphite-ized carbon (MCMB 6-28) 5 weight section with a particle size [ used as 
electric conduction material ] of 6 micrometers, into the N-methyl-2-pyrrolidone, it 
distributed to homogeneity and the KETCHIEN black ECP1 weight section with a 
particle size of 0.01 micrometers and the polyvinylidene fluoride (PVdF) 3 weight 
section used as a binder were made into the slurry. Apply this slurry on both sides of the 
aluminium foil (20 micrometers in thickness) used as a charge collector, it is made to dry, 
subsequently rolling processing is carried out, and they are 20 mg/cm2 per one side of 
aluminium foil. LiCo02 The positive electrode which it has was produced. 
[0053] [Production of a negative electrode] The graphitized-carbon (mel 
BUROMMERUDO FM-14) (specific surface area: 1.32m2 / g, face to face 
dimension:0.3364nm [ of a crystal lattice ], microcrystal dimension:50nm of direction of 
c-axis) 95 weight section used as a negative-electrode active material, the polyvinylidene 
fluoride (PVdF) 5 weight section used as a negative-electrode binder, and the N-methyl- 
2-pyrrolidone 50 weight section were mixed and slurred, and both sides of the copper foil 
(thickness of 14 micrometers) used as a charge collector were made to apply and dry this 
slurry. Next, rolling processing was performed to this copper foil, and the negative 
electrode was obtained. 

[0054] [Preparation of the electrolytic solution] It is LiPF6 to the mixed solvent of diethyl 
carbonate 4 volume %, ethyl methyl carbonate 29 volume %, ethylene carbonate 1 1 
volume %, propylene carbonate 9 volume %, and dimethyl carbonate 47 volume %. It 
was made to dissolve so that the concentration may be set to 1 .0 mols / L (as opposed to 
the electrolytic solution after preparation), and the electrolytic solution was prepared. 
[0055] [Assembly of a rechargeable lithium-ion battery] The positive electrode and 
negative electrode which were produced above were ****(ed) through the porous 
polyethylene-polypropylene compound separator, and this was held in the cylindrical cell 
can (the outer diameter of 18mm, height of 65mm). Furthermore, the electrolytic solution 
obtained above was infiltrated into the separator, and the rechargeable lithium-ion battery 
of this invention was obtained. 

[0056] Next, the cycle characteristic test, the low-temperature characteristic test, and the 
preservation characteristic test were performed in the following procedures about the 
rechargeable lithium-ion battery obtained above. A result is shown in Table 1 . 
[Cycle characteristic test] The charge and discharge of 1C/1C are computed about the 
rechargeable lithium-ion battery obtained above, and discharge capacity [mA-H] is 
computed from a discharge current value and a charging time value about the time of a 
500 cycle deed, 1 cycle, and 500 cycles under a room temperature (20 degrees C). Next, 
the discharge capacity at the time of 500 cycles [mA-H] is broken by discharge capacity 
[mA-H] of 1 cycle eye, it asks for discharge capacity rate of change [%], and this is 
shown in Table 1 . 

[0057] [Low-temperature characteristic test] After charging at a room temperature about 
the rechargeable lithium-ion battery obtained above, this is left in a -35-degree C 
atmospheric-air ambient atmosphere for 24 hours. In addition, it was performed by 
passing a current by 4.2V constant voltage after charge passed the current until the 
electrical potential difference was set to 4.2V by 1C (1600mA) constant current until all 
the charging times turned into 2.5 hours continuously. Next, it discharges by 0.5C 



(800mAh) / 2.5V cut-off in this -35-degree C atmospheric-air ambient atmosphere, and 
the discharge capacity at that time [mA-H] is calculated. Moreover, also at a room 
temperature (20 degrees C), charge and discharge are performed on the same conditions 
and discharge capacity [mA-H] is calculated. Furthermore, the discharge capacity under - 
35 degrees C is broken by discharge capacity under a room temperature, it asks for 
discharge capacity rate of change [%], and this is shown in Table 1. 
[0058] [Preservation characteristic test] After charging at a room temperature about the 
rechargeable lithium-ion battery obtained above, this is left for 40 days in a 60-degree C 
atmospheric-air ambient atmosphere. In addition, it was performed by passing a current 
by 4.2V constant voltage after charge passed the current until the electrical potential 
difference was set to 4.2V by 1C (1600mA) constant current until all the charging times 
turned into 2.5 hours continuously. Next, it is left in a -5-degree C atmospheric-air 
ambient atmosphere for 24 hours, and discharges by 1C (1600mAh) / 2.5 V cut-off in this 
-5-degree C atmospheric-air ambient atmosphere, and the discharge capacity at that time 
[mA-H] is calculated. Furthermore, this discharge capacity is broken by RT discharge 
capacity (it discharges by 1C (1600mAh) / 2.5V cut-off), it asks for discharge capacity 
rate of change [%], and this is shown in Table 1. In addition, it is the discharge capacity 
[mA-H] discharged and calculated after passing a current with RT discharge capacity 
here until an electrical potential difference is set to 4.2V by 1600mA constant current 
until it charges by passing a current by 4.2V constant voltage until all the charging times 
turn into 2.5 hours continuously, next an electrical potential difference is set to 2.5V by 
800mA under 20-degree-C ambient atmosphere. 

[0059] As example 2 positive active material, mean particle diameter is 16 micrometers 
and specific surface area is LiCo02 of 0.1 7m2 / g. The rechargeable lithium-ion battery 
was produced like the example 1 except having used. Next, the cycle characteristic test, 
the low-temperature characteristic test, and the preservation characteristic test were 
performed about this rechargeable lithium-ion battery as well as an example 1 . A result is 
shown in Table 1 . 

[0060] The rechargeable lithium-ion battery was produced like the example 1 except 
having used the nodular graphite-ized carbon whose particle size is 4 micrometers, and 
the KETCHIEN black whose particle size is 0.05 micrometers as example 3 electric- 
conduction material. Next, the cycle characteristic test, the low-temperature characteristic 
test, and the preservation characteristic test were performed about this rechargeable 
lithium-ion battery as well as an example 1 . A result is shown in Table 1 . 
[0061] As a solvent of the example 4 electrolytic solution, the rechargeable lithium-ion 
battery was produced like the example 1 except having used the mixed solvent of diethyl 
carbonate 6 volume %, ethyl methyl carbonate 27 volume %, ethylene carbonate 9 
volume %, propylene carbonate 10 volume %, and dimethyl carbonate 48 volume %. 
Next, the cycle characteristic test, the low-temperature characteristic test, and the 
preservation characteristic test were performed about this rechargeable lithium-ion 
battery as well as an example 1 . A result is shown in Table 1 . 

[0062] LiCo02 (the mean particle diameter of 18 micrometers, g [ specific surface area 
of 0.19m 2 / g ], 20/(mean-particle-diameter x specific surface area):5.8) is used as 
example of comparison 1 positive active material, and it is electric conduction material. 
The rechargeable lithium-ion battery was produced like the example 1 only using nodular 
graphite-ized carbon (MCMB 6-28) with a particle size of 3 micrometers (6 weight 



sections) except having used the mixed solvent of ethylene carbonate 30 volume %, 
propylene carbonate 30 volume %, and dimethyl carbonate 40 volume % as a solvent of 
the electrolytic solution. Next, the cycle characteristic test, the low-temperature 
characteristic test, and the preservation characteristic test were performed about this 
rechargeable lithium-ion battery as well as an example 1 . A result is shown in Table 1 . 
[0063] The rechargeable lithium-ion battery was produced like the example 1 except 
having used the mixed solvent of ethylene carbonate 20 volume %, propylene carbonate 
20 volume %, and dimethyl carbonate 60 volume % as a solvent of the electrolytic 
solution, using only carbon black with a particle size of 0.01 micrometers as electric 
conduction material (6 weight sections), using LiCo02 (the mean particle diameter of 19 
micrometers, g [ specific surface area of 0.10m 2 / g ], 20/(mean-particle-diameter x 
specific surface area): 10.5) as example of comparison 2 positive active material. Next, 
the cycle characteristic test, the low-temperature characteristic test, and the preservation 
characteristic test were performed about this rechargeable lithium-ion battery as well as 
an example 1 . A result is shown in Table 1 . 

[0064] The rechargeable lithium-ion battery was produced like the example 1 except 
having used the mixed solvent of ethylene carbonate 50 volume % and dimethyl 
carbonate 50 volume % as a solvent of the electrolytic solution, using only a scale-like 
graphite ingredient with a particle size of 25 micrometers as electric conduction material 
(6 weight sections), using LiCo02 (the mean particle diameter of 7 micrometers, g [ 
specific surface area of 0.32m 2 / g ], 20/(mean-particle-diameter x specific surface 
area):8.9) as example of comparison 3 positive active material. Next, the cycle 
characteristic test, the low-temperature characteristic test, and the preservation 
characteristic test were performed about this rechargeable lithium-ion battery as well as 
an example 1 . A result is shown in Table 1 . 
[0065] 
[Table 1] 
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[0066] The above-mentioned examples 1-4 and the examples 1-3 of a comparison show 
that it can be made to improve compared with the conventional thing about both a cycle 



property a low-temperature property and a preservation property, if the rechargeable 

lithium-ion battery of this invention is used. 

[0067] 

[Effect of the Invention] The above explanation shows in the former that a rechargeable 
lithium-ion battery with the engine performance which could not be attained can be 
offered, if this invention is used. For example, improvement in a cycle property can attain 
the reinforcement of the cell itself Moreover, it can use by improvement in a low- 
temperature property as a driving source of the device by which the use under low 
temperature is assumed. By improvement in a preservation property, degradation of the 
engine performance by the full charge neglect which had become a problem especially 
with the conventional rechargeable lithium-ion battery can be controlled. 



